The aim of this 3-year field study was to evaluate the effect of some stubble crops and weed control methods on the species composition, number and air-dry weight of weeds in a spring barley crop grown in short-term monoculture. The study was conducted in the period 2009-2011 at the Uhrusk Experimental Farm, on mixed rendzina soil classified as very good rye soil complex. It included stubble crops which were ploughed under in each year (control treatment without cover crop, white mustard, lacy phacelia, a mixture of legumes -narrow-leaf lupin + field pea) and 3 weed control methods used in spring barley crops (mechanical, mechanical and chemical, chemical weed control). Veronica persica was the weed species that occurred in greatest numbers in the spring barley crop sown after stubble crops. All cover crops reduced the numbers of Avena fatua which was the dominant species in the control treatment. Chemical as well as chemical and mechanical weed control significantly reduced the numbers of Avena fatua compared to the treatment where only double harrowing was used for weed control. The stubble crops did not reduce weed infestation of spring barley. Compared to the control treatment, the ploughing-in of white mustard and the mixture of legumes reduced the dry weight of weeds by 49.1 and 22.7%, respectively. Mechanical weed management proved to be less effective in reducing the number and dry weight of weeds compared to the other weed control methods. A significant negative correlation was found between the dry weight of weeds in the spring barley crop and the dry weight of the ploughed-in white mustard cover crop under the conditions of chemical weed control as well as in the case of the mixture of legumes when complete mechanical and chemical weed control was used.
INTRODUCTION
Spring barley belongs to plants that are sensitive to crop sequencing and responds with a distinct decrease in yield to the lack of crop rotation [1, 2] . In such crop stands, increased weed infestation and compensation of troublesome weed species are frequently found, among others, which results in a deterioration of most crop and ear components and consequently in reduced yields [3, 4] . Therefore, optimal agronomic solutions that will mitigate the negative effects of continuous cropping are constantly sought. One of such methods is the introduction of cover crops as plants that play a phytosanitary role, supplement mineral fertilization and improve soil organic matter balance. Cover crops are an environmentally-friendly method to reduce weed infestation in crops, irrespective of the cover plant [5] [6] [7] [8] . Growing cover crops as green manure that is ploughed under, which improves the quality of the soil environment with relatively low investment, is gaining special importance [9, 10] . The studies of some authors show that the ploughing-in of such crops before winter reduces weed infestation, increases cereal crop yields and is a more beneficial method for counteracting the negative effects of continuous cereal cropping compared to soil mulching with cover crops for the winter period [9, 11] .
A hypothesis was formulated on the basis of the results of existing research that stubble crops ploughed in before winter, regardless of the weed control method, would compensate for the negative effects of growing spring barley after itself, thus contributing to reduced weed infestation of this crop plant. To verify this assumption, a study was conducted to evaluate the effects of some stubble crops and in-crop weed control methods on the species composition, number and air-dry weight of weeds in a spring barley crop grown in short-term monoculture.
to the University of Life Sciences in Lublin, on mixed rendzina soil classified as very good rye soil complex. The soil showed an alkaline pH (pH in 1 mol KCl = 7.5). It was characterized by very high availability of phosphorus (141.8 mg P × 1 kg of soil) and potassium (221.7 mg K × 1 kg of soil) as well as very low magnesium availability (19 mg Mg × 1 kg of soil). The humus content was at a level of 1.7%, whereas the content of fines in the 0-30 cm layer was 25.5%.
The experiment was set up as a split-plot design, in three replicates. The sown area of the plot was 35 m 2 , while the harvested area was 24 m 2 . In the present experiment, spring barley cv. 'Tocada' was grown after itself. This field experiment was established in 2009 in a field after spring barley; after the barley crop was harvested, the stubble crops were sown and ploughed under.
Experimental factors: I. Type of stubble crop: -without cover crop (control treatment); -white mustard (Sinapis alba L.); -lacy phacelia (Phacelia tanacetifolia Benth.); -mixture of legumes: narrow-leaf lupin (Lupinus angustifolius L.) + field pea (Pisum sativum L.). II. Method of weed control in the spring barley crop: -mechanical weed control (harrowing: at the cracking stage and at the 3-4 leaf stage); -mechanical and chemical weed control (harrowing at the 3-4 leaf stage and herbicide application); -chemical weed control (herbicide application). In the plot without cover crop (control treatment), skimming + double harrowing were performed after the harvest of barley, while before winter ploughing was done to a depth of about 25 cm. Each year, the stubble crops were sown in the second 10-day period of August. Tillage for cover crops involved single ploughing and pre-sowing tillage using a seedbed cultivator consisting of a spring-tine harrow and cage roller. Cover crops were sown in the following amounts: white mustard 15 kg × ha -1 , lacy phacelia 10 kg × ha -1 , the legume mixture: field pea 100 kg × ha -1 and narrow-leaf lupin 100 kg × ha -1 . The biomass of the stubble crops was determined at the end of October. Plants were collected from an area of 1 m 2 in each plot and their air-dry weight was determined. Having been first cut, the cover crop biomass left in the plots was ploughed under to a depth of 25 cm before winter each year.
Pre-sowing tillage for barley included the following: harrowing and additional soil preparation using a seedbed cultivator consisting of a spring-tine harrow across the whole experiment. Weed infestation in the crop was determined by the dry-weight-rank method at the beginning of the stem elongation stage (BBCH 31). The botanical (species) composition of weeds as well as their density and dry weight were determined in 1 m × 0.5 m sampling areas in two randomly selected points of each plot.
The results were statistically analysed by analysis of variance, while the significance of differences was estimated by Tukey's test (at a significance level of 0.05).
Throughout the study period, the mean air temperature during the growth period of spring barley (IV-VIII) was higher than the long-term mean by, respectively, 0. (Table 1) .
In all study years, the total rainfall during the growth period of spring barley (IV-VIII) much exceeded the long-term mean by, respectively, 45. (Table 1) . 
RESULTS
The lacy phacelia cover crop caused a significant increase in the number of weeds per 1 m 2 in the spring barley crop compared to the other experimental treatments (Table 2) . Throughout the duration of the experiment, the highest number of weeds was recorded in the plots with ploughed-in lacy phacelia biomass.
Regardless of the cover crop, mechanical weed management involving only double harrowing proved to be the least effective in reducing the number of weeds ( Table 2 ). The lowest number of weeds in the spring barley crop was found under the conditions of complete mechanical and chemical weed control. On average during the three-year study period, it reduced the number of weeds by 64.4% relative to the plot which was weeded only mechanically. A decrease in the number of weeds under the conditions of mechanical and chemical weed control in the crop was found in all years of the experiment, compared to the treatment in which only harrowing was used to control weeds, but in the second year of the study this decrease was not statistically proven.
A significant increase in the number of weeds was found after lacy phacelia under the conditions of mechanical and chemical weed control in the crop (Table 2 ). In the plots with mechanical weed removal alone, this increase was 69.5% compared to the treatment with ploughed-in white mustard biomass. In the crop where harrowing and herbicides were used for weed management, the number of weeds after lacy phacelia was nearly twice higher relative to the plots with white mustard and almost three times higher compared to the treatment without cover crop.
On average for the three-year study period, the ploughing-in of white mustard and legume mixture had a reducing effect on weed dry weight by 49.1 and 22.7%, respectively, compared to the plots without cover crops (Table 3) . A beneficial effect of white mustard and lupin/pea mixture, manifested by a reduction in the dry weight of weeds in the spring barley crop, was proven in the third year of the experiment.
Mechanical and chemical weed control as well as chemical weed control alone caused a decrease in weed weight by 88.3 and 87.0%, respectively, compared to the plot which was weeded using only harrowing (Table 3) . Weed management involving only double harrowing proved to be ineffective in reducing weed weight throughout the study period. But in the first year of the study, the differences in weed dry weight between individual treatments were not statistically significant.
The weed dry weight was proven to decrease after white mustard under the conditions of mechanical weed control in the crop (Table 3) .
During the study period, a total of 31 weed species inhabited the spring barley crops, including 23 annual ones, while the other species were perennial weeds (Table 4) . Avena fatua predominated in the treatment without cover crops. Veronica persica was the species that occurred in greatest numbers. All the stubble crops used reduced the numbers of Avena fatua, which was dominant in the control treatment, and the numbers of the species Amaranthus retroflexus and Polygonum aviculare, which were found in quite large numbers. The ploughing-in of the white mustard and legume cover crops eliminated the species Cirsium arvense, which represented perennial weeds in greatest numbers in the control treatment. Among perennial weeds, Convolvulus arvensis was found to have the highest number of individuals after all the cover crops that had been ploughed under. The highest number of weed species was observed in the plots with ploughedin lacy phacelia biomass. In the other treatments, the number of species was at a similar level. Avena fatua was the weed species that occurred in greatest numbers in the spring barley crop which was only mechanically weeded (Table 4) . Veronica persica and Amaranthus retroflexus were also found in quite large numbers. The species Veronica persica dominated in the other experimental treatments. Chemical as well as mechanical and chemical weed control in the crops significantly reduced the number of Avena fatua individuals compared to the plot where only harrowing was used to control weeds. The application of herbicides and their combined use with mechanical weed removal eliminated Sonchus arvensis which occurred in greatest numbers among perennial species in the plots were weeds were only removed by double harrowing. The highest number of weed species was observed in the barley crop with mechanical weed control alone.
A significant negative correlation (r = -0.56) was found between the dry weight of the ploughed-in white mustard cover crop and the dry weight of weeds under the conditions of chemical weed management (Table 6 ). The statistical analysis also showed a significant negative correlation (r = -0.51) between the dry weight of the mixture of legumes grown as a stubble crop and the weed dry weight when complete mechanical and chemical weed control was used. The highest biomass yield was obtained from the white mustard crops and from the legume mixture, while the lowest one from lacy phacelia (Table 5) , which was reflected in the effects on weed infestation of the cereal crop investigated.
The correlation between cover crop dry weight and the number of weeds in the cereal crop subjected to weed control proved to be statistically insignificant (Table 7) . However, a trend was found towards a lower number of weeds as a result cultivation of the cover crops with the highest yielding ability, white mustard and the mixture of legumes, and when chemical or chemical and mechanical weed control were used. Table 4 Weed species found in the spring barley crop depending on the cover crop and weed control method, in plants × m 
DISCUSSION
The study results presented in this paper show that the ploughed-in stubble crops did not reduce significantly the number of weeds in the spring barley crop. The study only found a trend towards its decrease after the white mustard cover crop compared to the treatment without the regenerating crop. M a ł e c k a et al. [7] obtained opposite results; according to these authors, the incorporation of the biomass of white mustard and oat/pea cover crops reduced the numbers of weeds in a barley crop by 20-25% compared to the treatment without cover crop.
The present experiment proved that the air-dry weight of weeds was reduced after the white mustard and lupin/pea mixed cover crops had been ploughed under. The results of the studies of G a w ę d a [8] , D w o r a k o w s k i [12] and K w i a t k o w s k i [13] also confirm the positive role of a white mustard cover crop in reducing weed weight. According to O l e s z e k et al. [14] , a major role in reducing weed infestation is attributed to species of the family Brassicacae, since they inhibit the germination and then development of other plants due to biologically active substances contained in them. In the opinion of these authors, the allelopathic potential is manifested mainly in dead stems and leaves and it is greater when plant debris is incorporated into the soil.
In this experiment, mechanical weed removal involving only double harrowing proved to be ineffective in reducing the number and dry weight of weeds in the spring barley crop. Likewise, K w i a t k o w s k i [4] showed that intensive weed control caused a nearly threefold decrease in the number of weeds and a sevenfold decrease in weed weight compared to the treatments with extensive weed control (without using herbicides). A d a m i a k and S t ę p i e ń [15] found that weed management in a barley monoculture using only mechanical methods was ineffective and additionally it promoted compensation of some species, such as Veronica arvensis, Capsella bursa-pastoris, Cirsium arvense, and Equisetum arvense.
K w i a t k o w s k i [4] observed a reducing effect of Westerwolds ryegrass and white mustard cover crops on the number of weed species in a spring barley crop. The present experiment did not show the number of weed species to be reduced under the influence of ploughed-in stubble crops, but it found an increase in the number of weed species after the lacy phacelia cover crop.
The present study observed a significant reduction in the numbers of the dominant species Avena fatua under the conditions of chemical as well as chemical and mechanical weed control. In the opinion of some authors [16] [17] [18] , herbicide application generally reduces the number of dominant weed species in a cereal crop. However, in a several-year-old monoculture the use of chemical agents can enhance the dominance, and in the long run also compensation, of some weeds, such as Galium aparine, Viola arvensis, Avena fatua, and Echinochloa crus-galli, as a result of their greater resistance to herbicides.
According to M u r a w a et al. [19] , the number and weight of weeds in a crop are reduced primarily through successful cover crops that produce a lot of biomass (legumes, oilseed rape, mustard). This was confirmed in the present study by the decrease in the number of weeds and the reduction in weed dry weight in the treatment with the stubble crop with the largest biomass (white mustard). The studies of many authors show a decrease in the number of weeds with an increase in the amount of biomass of cover crops that are ploughed back into the soil or left on the field surface for the winter period [5, 9, 14, 20] . control significantly reduced the number of Avena fatua individuals compared to the treatment where only double harrowing was used for weed control. 6. The air-dry weight of weeds in the spring barley crop is significantly reduced with an increase in cover crop biomass that is ploughed under.
